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RUBBER COMPOSITION FOR CLINCH APEX
AND PNEUMAITIIC TIRE

TECHNICAL FIELD

The present invention relates to a rubber composition for a
clinch apex, and a pneumatic tire produced using the same.

BACKGROUND ART

There has been an approach to decrease rolling resistance
of a tire to suppress the heat build-up and thus improve tuel
cconomy of a vehicle. The demand for improving fuel
economy by means of tire improvement has increased 1n
recent years. In addition to treads and sidewalls, other tire
components such as clinch apexes are also required to be
improved to contribute to better fuel economy (lower heat
build-up).

Examples of known methods for reducing the heat build-up
of rubber compositions for a clinch apex or the like include a
method using semi-reinforcing filler, a method using a
smaller amount of filler, and a method using silica as filler.
However, such methods cause reduction 1n the eftfect of rein-
forcing the rubber composition, and thereby problematically
cause reduction 1n breaking properties. Thus, 1t has been
difficult to achieve both better fuel economy and higher
breaking properties at the same time.

Meanwhile, clinch apexes are commonly produced using
natural rubber. Here, natural rubber has a higher Mooney
viscosity than synthetic rubbers and thus has low processabil-
ity. Therefore, natural rubber to be used 1s usually mixed with
a peptizer and masticated so that the rubber has a reduced
Mooney viscosity. In the case of using natural rubber, require-
ment of such a process decreases productivity. Further, the
mastication causes molecular chain scission in natural rubber,
thereby problematically leading to a loss of the properties of
a high-molecular-weight polymer that natural rubber essen-
tially has (for example, fuel economy and rubber strength).

Patent Literature 1 discloses a rubber composition pre-
pared using a natural rubber that has been deproteinized to
reduce the total nitrogen content to 0.1% by weight or less.
However, the rubber composition still has room for improv-
ing fuel economy, flex crack growth resistance, and process-
ability 1n a balanced manner.

CITATION LIST
Patent Literature

Patent Literature 1: JP H06-329838 A

SUMMARY OF INVENTION
Technical Problem

The present invention aims to provide a rubber composi-
tion for a clinch apex, which solves the above problems and
improves 1n fuel economy, flex crack growth resistance, and
processability 1n a balanced manner. The present invention
also aims to provide a pneumatic tire using the rubber com-
position.

Solution to Problem

The present invention relates to a rubber composition for a
clinch apex which includes: a rubber component containing a
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modified natural rubber having a phosphorus content of 200
ppm or less; and at least one of carbon black and a white filler.

The rubber composition preferably includes 5% by mass or
more of the modified natural rubber based on 100% by mass
of the rubber component. The modified natural rubber pret-
erably has a nitrogen content o1 0.3% by mass or less and a gel
content ol 20% by mass or less, the gel content being deter-
mined as an amount of matter insoluble 1n toluene.

The modified natural rubber 1s preferably produced by
saponmiiying natural rubber latex. The modified natural rubber
1s preferably produced by the steps of: (A) saponilying natu-
ral rubber latex to prepare a saponified natural rubber latex;
(B) coagulating the saponified natural rubber latex and treat-
ing the resulting coagulated rubber with alkali; and (C) wash-
ing the resultant rubber until the phosphorus content in rubber
talls to 200 ppm or less. The white filler 1s preferably silica.

The present mvention also relates to a pneumatic tire
including a clinch apex produced from the rubber composi-
tion.

Advantageous Effects of Invention

The rubber composition for a clinch apex of the present
invention includes a rubber component containing a modified
natural rubber having a phosphorus content of 200 ppm or
less; and at least one of carbon black and a white filler. Thus,
the fuel economy, tlex crack growth resistance and process-
ability can be improved 1n a balanced manner.

DESCRIPTION OF EMBODIMENTS

The rubber composition for a clinch apex of the present
invention includes a rubber component containing a modified
natural rubber having a phosphorus content of 200 ppm or
less; and at least one of carbon black and a white filler.

The use of a modified natural rubber prepared by decreas-
ing or removing phospholipids 1n natural rubber enables an
improvement of fuel economy. An unvulcanized rubber com-
position containing the modified natural rubber 1s excellent in
processability and thus can be kneaded sufficiently without
any mastication step. Therefore, a reduction 1n the properties
of natural rubber, such as breaking properties, caused by
mastication 1s suppressed, and the tuel economy and tlex
crack growth resistance can be effectively improved. Reduc-
ing the protein content and the gel content, in addition to the
phospholipid content, further improves these properties.

The modified natural rubber 1s also excellent in productiv-
ity because it 1s Iree from contaminants such as pebbles and
woodchips and requires no step of removing such contami-
nants.

Therefore, the rubber composition according to the present
invention achieves good fuel economy and high breaking
properties at the same time, as well as being excellent in
processability and productivity.

The modified natural rubber has a phosphorus content of
200 ppm or less. A phosphorus content of more than 200 ppm
tends to cause an increase 1n tan 0, thereby resulting 1n poor
fuel economy. Such a phosphorus content also tends to cause
an increase 1 the Mooney viscosity of the unvulcanized
rubber composition, thereby leading to poor processability.
The phosphorus content 1s preferably 150 ppm or less, and
more preferably 100 ppm or less. Here, the phosphorus con-
tent can be measured by conventional methods such as ICP
optical emission spectrometry. The phosphorus i1s dertved
from phospholipids (phosphorus compounds).

The modified natural rubber preferably has a nitrogen con-
tent of 0.3% by mass or less, and more preferably 0.15% by
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mass or less. A nitrogen content of more than 0.3% by mass
tends to reduce fuel economy, and to cause an increase in
Mooney viscosity during storage, leading to poor process-
ability. The nitrogen content can be determined by conven-
tional methods such as the Kjeldahl method. The nitrogen 1s
derived from proteins.

The modified natural rubber preferably has a gel content of
20% by mass or less, more preferably 10% by mass or less,
and st1ll more preferably 7% by mass or less. A gel content of
more than 20% by mass tends to result 1n poor processability
and poor fuel economy. The gel content refers to a value that
1s determined as an amount of matter insoluble 1n toluene
which 1s a non-polar solvent. Hereinaftter, this content 1s also
referred to simply as “gel content” or “gel fraction”. The gel
content 1s determined by the following method. First, a natu-
ral rubber sample 1s immersed 1n dehydrated toluene and then
left 1n a dark place protected from light for one week. Next,
the toluene solution is centrifuged for 30 minutes at 1.3x10°
rpm so that a toluene-insoluble gel fraction and a toluene-
soluble fraction are separated from each other. To the toluene-
insoluble gel fraction, methanol 1s added for solidification,
and the resulting solid 1s then dried. Finally, the gel content
can be determined from the ratio of the mass of the dried gel
fraction to the mass of the original sample.

The modified natural rubber preferably contains substan-
tially no phospholipid. Here, the phrase “contains substan-
tially no phospholipid” means that no phospholipid peak
appears in a range of -3 to 1 ppm in the °>'P-NMR measure-
ment of an extract obtained by chloroform extraction from a
natural rubber sample. The phospholipid peak that appears in
a range of -3 to 1 ppm refers to a peak derived from a
phosphate ester structure in the phosphorus component of
phospholipids.

The modified natural rubber can be produced by, for
example, the method disclosed 1n JP 2010-138359 A. A pre-
terred production method includes the following steps of: (A)
saponmiiying natural rubber latex to prepare a sapomified natu-
ral rubber latex; (B) coagulating the saponified natural rubber
latex and treating the resulting coagulated rubber with alkali;
and (C) washing the resultant rubber until the phosphorus
content in rubber falls to 200 ppm or less. The phosphorus
content can be effectively reduced by this method. Since, after
the coagulation using acid, the acid remaining 1n the coagu-
lated rubber 1s neutralized by the alkal1 treatment, the rubber
1s not only prevented from degradation by acid, but the nitro-
gen content and the like of rubber can also be further reduced.
By using the modified natural rubber obtained by the method,
the fuel economy, flex crack growth resistance, and process-
ability are remarkably improved and high levels of these
properties are obtained.

In the above production method, the saponification can be
performed by adding an alkali and optionally a surfactant to
natural rubber latex and allowing the mixture to stand for a
certain period at a predetermined temperature. Here, the mix-
ture may optionally be stirred or subjected to other opera-
tions. The method enables production of natural rubber with
reduced contents of phosphorus and nitrogen.

As the natural rubber latex, conventionally known latexes
may be used such as raw latex, purified latex, and high ammo-
nia latex. Examples of the alkali used 1n the saponification
include sodium hydroxide, potassium hydroxide, calcium
hydroxide, and amine compounds. Among these, sodium
hydroxide and potassium hydroxide are particularly pre-
terred. As the surfactant, known anionic, nonionic, or ampho-
teric surfactants may be used. Among these, anionic surfac-
tants are preferred, and sulphonate anionic surfactants are
more preferred.
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The addition amount of the alkali in the saponification can
be appropriately determined, and 1s preferably 0.1 to 10 parts
by mass per 100 parts by mass of the solids of natural rubber
latex. The addition amount of the surfactant 1s preferably 0.01
to 6.0 parts by mass per 100 parts by mass of the solids of
natural rubber latex. Also the temperature and the time period
of the saponification can be appropriately determined, and are
generally 20° C. to 70° C. and 1 to 72 hours, respectively.

After the saponification, the resulting saponified natural
rubber latex 1s coagulated and the coagulated rubber 1s then
optionally broken up. Subsequently, the coagulated rubber or
broken rubber 1s subjected to alkali treatment by contact with
alkali. By the alkali treatment, the nitrogen content and the
like of rubber can be effectively reduced and the effects of the
present invention are further enhanced. Examples of the
coagulation method include a method 1n which an acid such
as formic acid 1s added to latex. The alkal1 treatment method
1s not particularly limited as long as the method 1s carried out
by bringing the rubber into contact with alkali. Examples of
the alkali treatment method include a method of immersing
the coagulated rubber or broken rubber 1n an alkali solution.
Examples of the alkali that can be used 1n the alkali treatment
include alkal1 metal carbonates such as potassium carbonate,
sodium carbonate, sodium hydrogen carbonate, potassium
hydrogen carbonate, lithium carbonate, and lithtum hydrogen
carbonate, and ammonia water, as well as the alkalis men-
tioned above for the saponification. In particular, alkali metal
carbonates, preferably sodium carbonate and potassium car-
bonate, are preferred because they highly contribute to the
clfects of the present invention.

In the case that the alkali treatment 1s performed by immer-
s10n as mentioned above, the treatment may be carried out by
immersing the rubber (broken rubber) in an aqueous alkali
solution with a concentration of preferably 0.1% to 3% by
mass, and more preferably 0.2% to 3% by mass. Such immer-
s1on further reduces the nitrogen content and the like of rub-
ber.

In the case that the alkali treatment 1s performed by the
immersion, the temperature during the alkali treatment can be
appropriately determined, and 1s typically preterably 20° C.
to 70° C. The time period of the alkali treatment, although 1t
depends on the treatment temperature, 1s preferably 1 to 20
hours, and more preferably 2 to 12 hours, 1n terms of sufficient
levels of treatment and productivity.

After the alkali treatment, washing treatment 1s carried out,
which leads to reduction of the phosphorus content 1n rubber.
The washing treatment may be carried out by, for example,
diluting the rubber component with water for washing, and
then centrifuging the mixture, or by leaving the rubber to
float, and then draining only the water phase to recover the
rubber component. Before the centrifugation, dilution with
water 1s first performed so that the content of the rubber
component in natural rubber latex 1s 5% to 40% by mass, and
preferably 10% to 30% by mass. Next, the diluted rubber
mixture may be centrifuged for 1 to 60 minutes at S000 to
10000 rpm, and such washing may be repeated until the
phosphorus content falls to a desired value. Also 1n the case
that the rubber 1s left to float, washing may be carried out by
repeating addition of water and stirring until the phosphorus
content falls to a desired value. After the completion of wash-
ing, the resulting rubber 1s dried to give a modified natural
rubber usable in the present invention.

In the rubber composition of the present invention, the
modified natural rubber content 1n 100% by mass of the
rubber component 1s preferably 5% by mass or more, more
preferably 30% by mass or more, and still more preferably
50% by mass or more. A modified natural rubber content of
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less than 5% by mass may result 1n msuificient improvement
in fuel economy, tlex crack growth resistance, and process-
ability. The upper limit of the modified natural rubber content
may be 100% by mass, and 1s preferably 80% by mass or less.

Examples of rubbers that may be contained 1n the rubber
component 1n the present invention, other than the modified

natural rubber, include diene rubbers such as natural rubber
(NR), 1soprene rubber (IR), butadiene rubber (BR), styrene
butadiene rubber (SBR), styrene 1soprene butadiene rubber

(SIBR), ethylene propylene diene rubber (EPDM), chloro-
prene rubber (CR), and acrylonitrile butadiene rubber (NBR).
Among these, BR 1s preferred because 1t can remarkably
improve fuel economy, flex crack growth resistance, and pro-
cessability.

The BR content 1n 100% by mass of the rubber component
1s preferably 5% by mass or more, and more preferably 20%
by mass or more, while 1t 1s preferably 80% by mass or less,
more preferably 70% by mass or less, and still more prefer-
ably 50% by mass or less. The BR content 1n this range leads
to excellent fuel economy, flex crack growth resistance, and
processability.

The total content of the modified natural rubber and BR in
100% by mass of the rubber component 1s preferably 80% by
mass or more, and more preferably 100% by mass. The total
content 1n this range leads to excellent fuel economy, flex
crack growth resistance, and processability.

Examples of the carbon black include, but not particularly
limited to, GPF, FEF, HAF, ISAF, and SAF. The use of carbon
black leads to reinforcement, and thereby the resulting com-
position can have favorable flex crack growth resistance.
Accordingly, the use of carbon black in combination with the
modified natural rubber enables the effects of the present
invention to be achieved successiully.

The mitrogen adsorption specific surface area (N,SA) of
the carbon black is preferably 20 m*/g or larger, and more
preferably 35 m®/g or larger. An N,SA of smaller than 20
m~/g may result in insufficient reinforcement. The N,SA of
the carbon black is preferably 150 m”/g or smaller, and more
preferably 60 m*/g or smaller. An N,SA of larger than 150
m~/g tends to cause difficulty in dispersing the carbon black,
thereby resulting in poor fuel economy.

The N,SA of carbon black herein 1s determined by JIS K
6217-2:2001.

In order to achieve excellent breaking properties, the dibu-
tyl phthalate (DBP) o1l absorption of the carbon black 1s
preferably 50 ml/100 g or more, and more preterably 100
ml/100 g or more, while 1t 1s preferably 150 ml/100 g or less,
and more preferably 130 ml/100 g or less.

The DBP o1l absorption of carbon black 1s determined by a
measuring method in accordance with JIS K6217-4:2001.

The amount of the carbon black 1s preferably 10 parts by
mass or more, more preferably 20 parts by mass or more, still
more preferably 35 parts by mass or more, and particularly
preferably 45 parts by mass or more, for each 100 parts by
mass of the rubber component. An amount of the carbon black
of less than 10 parts by mass may result in insufficient rein-
forcement. The amount of the carbon black 1s preferably 100
parts by mass or less, more preferably 90 parts by mass or
less, and still more preferably 80 parts by mass or less, for
cach 100 parts by mass of the rubber component. An amount
of the carbon black of more than 100 parts by mass tends to
lead to poor fuel economy.

The white filler may be one generally used 1n the rubber
industry, including, for example, silica, calcium carbonate,
mica such as sericite, aluminum hydroxide, magnesium
oxide, magnesium hydroxide, clay, talc, alumina, and tita-
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nium oxide. Preferred among these white fillers 1s silica in
terms of fuel economy and rubber strength.

The silica 1s not particularly limited. Examples thereof
include dry silica (anhydrous silicic acid), and wet silica
(hydrous silicic acid). Preferred among these 1s wet silica
(hydrous silicic acid) because such silica contains a large
number of silanol groups.

The nitrogen adsorption specific surface area (IN,SA) of
the silica is preferably 90 m?/g or larger, and more preferably
100 m*/g or larger. An N,SA of smaller than 90 m*/g tends to
result 1n insuificient reinforcement. The N,SA of the silica 1s
preferably 250 m*/g or smaller, more preferably 220 m*/g or
smaller, and still more preferably 120 m*/g or smaller. An
N.SA of larger than 250 m*/g tends to cause a decrease in
silica dispersibility, and deteriorate processability.

The nitrogen adsorption specific surface area of silica 1s a
value determined by the BET method 1n accordance with
ASTM D3037-81.

The amount of the white filler (preferably silica) 1s prefer-
ably 5 parts by mass or more, and more preferably 40 parts by
mass or more, while 1t 1s preferably 100 parts by mass or less,
and more preferably 60 parts by mass or less, for each 100
parts by mass of the rubber component. The amount of the
white filler (preferably silica) 1n this range leads to favorable
fuel economy, tlex crack growth resistance, and processabil-
ty.

The rubber composition of the present invention preferably
contains a silane coupling agent when silica 1s used as the
white filler. Examples of the silane coupling agent include
sulfide silane coupling agents, mercapto silane coupling
agents, vinyl silane coupling agents, amino silane coupling
agents, glycidoxy silane coupling agents, nitro silane cou-
pling agents, and chloro silane coupling agents. Preferred
among these are sulfide silane coupling agents such as bis(3-
triecthoxysilylpropyl)tetrasulfide, bis(2-triethoxysilylethyl)
tetrasulfide, bis(3-triethoxysilylpropyl)disulfide, and bis(2-
triethoxysilylethyl)disulfide. Particularly preferred 1s bis(3-
triethoxysilylpropyl)disulfide.

In the case that the rubber composition contains a silane
coupling agent, the amount of the silane coupling agent 1s
preferably 2 parts by mass or more, and more preferably 4
parts by mass or more, while it 1s preferably 15 parts by mass
or less, and more preferably 12 parts by mass or less, for each
100 parts by mass of the silica. The amount of the silane
coupling agent in this range leads to favorable fuel economy,
flex crack growth resistance, and processability.

In the rubber composition of the present invention, the total
amount of the carbon black and the white filler 1s preferably
15 parts by mass or more, more preferably 30 parts by mass or
more, still more preferably 45 parts by mass or more, and
particularly preferably 50 parts by mass or more, for each 100
parts by mass of the rubber component. The total amount 1s
preferably 120 parts by mass or less, more preferably 100
parts by mass or less, and still more preferably 90 parts by
mass or less, for each 100 parts by mass of the rubber com-
ponent. The total amount of the carbon black and the white
filler 1n this range leads to favorable tuel economy, flex crack
growth resistance, and processability.

In the present invention, sulfur may preferably be used. The
amount of the sultur 1s preferably 0.1 parts by mass or more,
and more preferably 1 part by mass or more, while 1t 1s
preferably 10 parts by mass or less, and more preferably 2
parts by mass or less, for each 100 parts by mass of the rubber
component. The amount of the sulfur 1n this range allows the
clfects of the present invention to be achieved successiully.

In the present mvention, an amine antioxidant may be
suitably used as an antioxidant because 1t provides excellent
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breaking properties. Examples of the amine antioxidant
include amine derivatives such as diphenylamines and p-phe-
nylenediamines. Examples of diphenylamine derivatives

include p-(p-toluenesulionylamide)-diphenylamine, and
octylated diphenylamine. Examples of p-phenylenediamine

derivatives include N-(1,3-dimethylbutyl)-N'-phenyl-p-phe-
nylenediamine  (6PPD), N-phenyl-N'-1sopropyl-p-phe-
nylenediamine (IPPD), and N,N'-di-2-naphthyl-p-phe-
nylenediamine.

The amount of the antioxidant 1s preferably 0.5 parts by
mass or more, and more preferably 1 part by mass or more,
while 1t 1s preferably 6 parts by mass or less, and more
preferably 4 parts by mass or less, for each 100 parts by mass
of the rubber component. The amount of the antioxidant 1n
this range leads to favorable breaking properties.

The rubber composition of the present invention optionally
contains compounding ingredients generally used 1n produc-
tion of rubber compositions, 1 addition to the mgredients
described above. Examples of the compounding ingredients
include stearic acid, zinc oxide, and vulcanization accelera-
tors.

The rubber composition of the present invention can be
produced by a usual method. Specifically, for example, the
ingredients described above are mixed with an apparatus such
as a Banbury mixer, a kneader, or an open roll mill, and then
vulcanized, whereby a rubber composition 1s produced. In the
case of producing a rubber composition containing natural
rubber, natural rubber 1s generally masticated betfore the step
of mixing the ingredients including the rubber component
and filler. In the present invention, however, 1t 1s possible to
carry out the mixing step favorably without the mastication,
to produce the desired rubber composition because the modi-
fied natural rubber 1s used.

The rubber composition of the present invention 1s used for
a clinch apex. A clinch apex 1s a component placed at the
radially imnner end of the sidewall. Clinch apexes are disclosed
in FIG. 1 of JP 2008-75066 A, FIG. 1 of JP 2004-106796 A
and the like.

The pneumatic tire of the present invention can be pro-
duced using the rubber composition mentioned above by a
usual method. Specifically, an unvulcanized rubber compo-
sition with various additives mixed as necessary 1s extruded
and processed mnto the shape of a clinch apex, and then
arranged and assembled with other tire components by a
usual method 1n a tire building machine to form an unvulca-
nized tire. This unvulcanized tire 1s then heated and pressed in
a vulcanizer, and thereby a tire 1s produced.

EXAMPLES

The following will specifically describe the present mnven-
tion with reference to, but not limited to, examples.

The chemical agents used 1n Preparations are listed below.
The chemical agents were purified by a usual method as

necessary.
Natural rubber latex: field latex (available from Muhibbah

Lateks Sdn. Bhd.)

Surfactant: Emal-E27C (sodium polyoxyethylene lauryl
cther sulfate, produced by Kao Corp.)

NaOH: NaOH (produced by Wako Pure Chemical Indus-
tries, Ltd.)
(Production of Saponified Natural Rubber)
Preparation 1

The solids content (DRC) of natural rubber latex was
adjusted to 30% (w/v). Next, a 10% Emal-E27 aqueous solu-
tion (25 g) and a 40% NaOH aqueous solution (50 g) were
added to the natural rubber latex (wet, 1000 g), and saponi-
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fication reaction was carried out for 48 hours at room tem-
perature. Thus, a saponified natural rubber latex was pre-
pared. The saponified latex was mixed with water for dilution
so as to have a DRC of 15% (w/v). Then, while the diluted
latex was slowly stirred, formic acid was added thereto to
adjust the pH to 4.0, and the latex was coagulated.

The coagulated rubber was broken up and immersed 1n a
1% sodium carbonate aqueous solution for 5 hours at room
temperature. Then, the rubber was removed from the solution
and repeatedly washed with 1000 ml of water. Then, the
resultant rubber was dried for 4 hours at 90° C. Thus, a solid
rubber (saponified natural rubber A) was produced.
Preparation 2

A solid rubber (saponified natural rubber B) was obtained
in the same manner as 1n Preparation 1, except that the addi-
tion amount of the 40% NaOH aqueous solution was 25 g.

The solid rubbers (saponified natural rubbers A and B)
produced in Preparations 1 and 2 and TSR were measured for
nitrogen content, phosphorus content, and gel content by the
following methods. Table 1 shows the results.
(Determination of Nitrogen Content)

The nitrogen content was determined with CHN CORDER
MT-5 (Yanaco Analytical Instruments). In the determination,
first, a calibration curve for determining the nitrogen content
was prepared with antipyrine taken as a reference material.
Then, about 10 mg of a sample was weighed out and mea-
sured three times for nitrogen content. The average of the
three measured values was determined as a nitrogen content
of the sample.

(Determination of Phosphorus Content)

The phosphorus content of samples was determined with
an ICP optical emission spectrometer (ICPS-8100, produced
by Shimadzu Corp.).

Also, *'P-NMR measurement of phosphorus was per-
formed as follows. Chloroform extracts from the raw rubbers
were purified and then dissolved i CDCI; to prepare test
samples. The test samples were analyzed with an NMR spec-
trometer (400 MHz, AV400M, produced by Bruker Japan
Co., Ltd.) based on the standard (O ppm) that was the deter-
mined peak of the P atom of an 80% phosphoric acid aqueous
solution.

(Determination of Gel Content)

First, a 70.00 mg sample of each raw rubber cut 1n a size of
1 mmx1 mm was weighed out and mixed with 35 mL of
toluene. The mixture was left 1n a cool and dark place for 1
week. Next, the mixture was centrifuged so that a toluene-
insoluble gel fraction was precipitated, and a toluene-soluble
supernatant was removed. Then, the gel fraction alone was
solidified with methanol and dried. The mass of the dried gel
fraction was measured, and the gel content (% by mass) was
determined by the following formula. Gel content (% by
mass)=[Mass of dried gel fraction (mg)/Mass of original
sample (mg)]x100

TABL.

Ll
[

Saponified
natural rubber B

Saponified
natural rubber A

(Preparation 1) (Preparation 2) TSR
Nitrogen content 0.12 0.25 0.33
(% by mass)
Phosphorus content 84 123 572
(ppm)
(5el content 5.5 14.2 26.9
(% by mass)
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As shown 1n Table 1, the saponified natural rubbers A and
B, compared with TSR, were found to have reduced contents
of mitrogen, phosphorus, and gel fraction.

In addition, in *'P-NMR measurement of the saponified
natural rubbers A and B, no phospholipid peak was observed
in a range of -3 ppm to 1 ppm.

In the following, the chemical agents used 1n Examples and
Comparative Examples are listed.

Saponified natural rubber A: see Preparation 1

Saponified natural rubber B: see Preparation 2

NR: TSR20

BR: UBEPOL BR150B (ML, _, (100° C.): 40, cis content:
9’7% by mass, produced by Ube Industries, Ltd. )

Carbon black: FEF (IN550, N,SA: 45 m*/g, DBP oil

absorption: 115 m. 1/100 g produced by Tokai Carbon Co.,
Ltd.)

Silica: Silica 115Gr (N,SA: 110 m~/g, produced by Rhodia
Japan Ltd.)

Silane coupling agent: S1266 (bis(3-triethoxysilylpropyl)
disulfide, produced by Degussa)

Antioxidant: NOCRAC 6C (N-phenyl-N'-(1,3-dimethyl-
butyl)-p-phenylenediamine (6PPD), produced by Ouchi
Shinko Chemical Industrial Co., Ltd.)

Stearic acid: “TSUBAKI” (produced by NOF Corp.)

Zinc oxide: Zinc oxide #1 (produced by Mitsu1 Mining &
Smelting Co., Ltd.)

Sulfur: sulfur powder (produced by Tsurumi Chemical
Industry Co., Ltd.)

Vulcanization accelerator A: NOCCELER CZ (N-cyclo-
hexyl-2-benzothiazolylsulfenamide, produced by Ouchi
Shinko Chemical Industrial Co., Ltd.)

Vulcanization accelerator B: NOCCELER M (2-mercap-
tobenzothiazole, produced by Ouchi Shinko Chemical Indus-
trial Co., Ltd.)

Examples and Comparative Examples

In accordance with each formulation shown 1n Tables 2 to
4, the chemical agents other than the sulfur and vulcanization
accelerator(s) were mixed with a 1.7-L. Banbury mixer to
provide akneaded mixture. Next, the sulfur and vulcanization
accelerator(s) were added to the kneaded mixture, and they
were mixed with an open roll mill. Thus, an unvulcanized
rubber composition was prepared.

The unvulcanized rubber composition thus prepared was
vulcanized for 15 minutes at 170° C., whereby a vulcanized
rubber composition was prepared.
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It 1s noted that NR (TSR) was mixed with a peptizer and
masticated 1n advance before use in Comparative Examples 1
to 6. Here, the addition amount of the peptizer was 0.4 parts
by mass for each 100 parts by mass of NR (TSR).

The obtained unvulcamized rubber compositions and vul-
canized rubber compositions were evaluated 1n the following
ways. The evaluation results are shown 1n Tables 2 to 4.
(Processability)

The prepared unvulcanized rubber compositions were
measured for Mooney viscosity at 130° C. 1n accordance with
the method of determining Mooney viscosity specified 1n JIS
K6300. The Mooney viscosity of each unvulcanized rubber
composition was expressed as an index (Mooney viscosity
index) by the following equation. The larger the index 1s, the
lower the Mooney viscosity 1s, and in turn the better the
processabi.

ility is.
(Mooney viscosity index)=(ML,,, of Comparative

Example 1,3, or 5)/(ML,,, of each formulation)x
100

(Low Heat Build-Up)

The vulcanized rubber composition of each formulation
was measured for loss tangent (tan 0) with a viscoelasticity
spectrometer VES (Iwamoto Seisakusho Co., Ltd.) under the
following conditions: a temperature o1 70° C.; an 1initial strain
of 10%; a dynamic strain of 2%; and a frequency of 10 Hz.
The loss tangent (tan 0) of each formulation was expressed as
an 1ndex (index of low heat build-up) by the following equa-
tion. The larger the index 1s, the better the fuel economy 1s.

(Index of low heat build-up)=(tan 6 of Comparative

Example 1,3, or 5)/(tan 0 of each formulation)x
100

(Flex Crack Growth Resistance Test)

A test sample was prepared from each vulcanized rubber
composition and subjected to a flex crack growth test 1n
accordance with JIS-K-6260 “Testing method of tlex crack-
ing and crack growth for rubber, vulcanized or thermoplastic
(De Mattia)”. In the test, the sample was flexed at 70% elon-
gation repeatedly 1,000,000 times, and then the length of
generated cracks was measured. The result of each sample
was expressed as an index by the following equation. The
larger the 1ndex 1s, the more suppressed the crack growth 1s,
and 1n turn the higher the flex crack growth resistance 1s.

(Flex crack growth resistance index)=(Crack length of
Comparative Example 1,3, or 5)/(Crack length of
each formulation)x100

TABLE 2

Carbon black blend (90 parts by mass)

Formulation

(parts by mass) (Preparation 1)

Saponified natural rubber B

(Preparation 2)
NR

BR

Carbon black
Antioxidant
Stearic acid
Zinc oxide

Sulfur

Vulcanization accelerator A
Mooney viscosity (1index)
Low heat build-up (tanod)

Evaluation

(index)

Saponified natural rubber A

Comparative Comparative
Example Example Example Example Example
1 1 2 3 2
— 40 — 60 —
_ _ 40 _ _

40 — — — 60
60 60 60 40 40
90 90 90 90 90
1 1 1 1 1
2 2 2 2 2
4 4 4 4 4
1 1 1 1 1

1.5 1.5 1.5 1.5 1.5
100 112 110 118 85
100 117 114 123 102
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Comparative Comparative
Example Example Example Example Example
1 1 2 3 2
Flex crack growth resistance 100 107 109 100 107
(index)
TABLE 3
Carbon black blend (20 parts by mass)
Comparative Comparative
Example Example Example Example Example
3 4 5 6 4
Formulation Saponified natural rubber A — 40 — 60 —
(parts by mass) (Preparation 1)
Saponified natural rubber B — — 40 — —
(Preparation 2)
NR 40 — — — 60
BR 60 60 60 40 40
Carbon black 20 20 20 20 20
Antioxidant 1 1 1 1 1
Stearic acid 2 2 2 2 2
Zinc oxide 4 4 4 4 4
Sulfur 1 1 1 1 1
Vulcanization accelerator A 1.5 1.5 1.5 1.5 1.5
Evaluation Mooney viscosity (index) 100 113 111 120 95
Low heat build-up (tand) 100 120 118 129 103
(index)
Flex crack growth resistance 100 105 111 121 110
(index)
TABLE 4
Silica blend
Comparative Comparative
Example Example Example Example Example
5 7 8 9 6
Formulation Saponified natural rubber A - 40 - 60 -
(parts by mass) (Preparation 1)
Saponified natural rubber B — — 40 — —
(Preparation 2)
NR 40 — — — 60
BR 60 60 60 40 40
Silica 50 50 50 50 50
Silane coupling agent 4 4 4 4 4
Antioxidant 1 1 1 1 1
Stearic acid 2 2 2 2 2
Zinc oxide 4 4 4 4 4
Sulfur 1 1 1 1 1
Vulcanization accelerator A 0.5 0.5 0.5 0.5 0.5
Vulcanization accelerator B 1 1 1 1 1
Evaluation Mooney viscosity (1ndex) 100 117 113 127 94
Low heat build-up (tand) 100 122 120 131 101
(index)
Flex crack growth resistance 100 109 110 110 108

(index)

As shown 1n Tables 2 to 4, 1n all the carbon black blends (90

content ol phosphorus (saponified natural rubber A) was

parts by mass, 20 parts by mass) and silica blends of _, used, excellent processability and fuel economy were dem-

Examples 1n which a modified natural rub
phorus content o:
A or B) was usec
crack growth resistance were improved 1n a balanced manner,
compared with Comparative Examples.
Examples in which a modified natural rubber having a lower

' 200 ppm or less (saponi.

ver having a phos-
1ed natural rubber
, the processability, fuel economy, and flex

Especially, in the

65

onstrated.

The mvention claimed 1s:
1. A pneumatic tire, comprising a clinch apex produced
from a rubber composition, comprising:
a rubber component containing a modified natural rubber
having a phosphorus content of 200 ppm or less; and
at least one of carbon black and a whate filler.



US 8,875,765 B2
13

2. The pneumatic tire according to claim 1,

wherein the rubber composition comprises 5% by mass or
more of the modified natural rubber based on 100% by
mass of the rubber component.

3. The pneumatic tire according to claim 1, 5

wherein the modified natural rubber has a nitrogen content
010.3% by mass or less and a gel content of 20% by mass
or less, the gel content being determined as an amount of
matter msoluble in toluene.

4. The pneumatic tire ccording to claim 1, 10

wherein the modified natural rubber 1s produced by saponi-
tying natural rubber latex.

5. The pneumatic tire according to claim 1,

wherein the modified natural rubber i1s produced by the
steps of: (A) saponifying natural rubber latex to prepare 15
a saponified natural rubber latex; (B) coagulating the
saponified natural rubber latex and treating the resulting
coagulated rubber with alkali; and (C) washing the
resultant rubber until the phosphorus content i rubber
falls to 200 ppm or less. 20

6. The pneumatic tire according to claim 1,

wherein the whaite filler 1s silica.

¥ ¥ # ¥ o
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